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There has been considerable interest in providing new limits on the short range behaviour of
gravity, or, in general, anomalous short-range interactions. In this note we show that one use the
interaction of ultra-cold neutrons to obtain a better limit below about 10 nm.
PACS numbers: 04.80.Cc,04.50.+h
I. INTRODUCTION
There has been a great deal of interest lately in the-
ories in which the gravitational interaction is modified
at distances which are large compared to the weak scale
[1],[2]. Conventional gravitational experiments put very
good limits on any corrections to Newtonian gravity at
distances d >∼ 150µ [3] and recent experiments [4] have
shown that there are no gravity-like forces with inter-
action strengths G′ > 103G for d >∼ 10µ. There are
weak limits below ∼ 10µ [5], and there are various sug-
gestions [6], [7] as to how these could be improved. Here
we point out that neutron scattering serves to provide a
limit which extends well below the ∼ 10µ range.
We can assume that the anomalous interaction is given
by
V (r) = −g2~c
e−r/λ
r
= −αGm1m2
e−r/λ
r
(1)
The first expression represent a generic fifth force,
while the second explicitly assumes an interaction which
couples to mass. In what follows, we choose the second
form. We adopt the notation of Fischbach et al. [5].
II. NEUTRON SCATTERING
Ultra-cold neutrons (UCN’s) [8] have energies E <
10−6eV and correspondingly long wavelengths, so the
neutron scatters coherently off the atomic nuclei in a
lattice. It is well known [8], [9] that there is a bulk in-
teraction of the neutron with any material given by the
coherent interaction of the neutron with all the nuclei.
This gives rise to a potential of the form
Us =
2pi~2Nb
mN
(2)
where b is the scattering length, N is the number density
of nuclei and mN the neutron mass.This gives rise to a
critical velocity vc below which neutrons are totally re-
flected from the surface. For Be the relevant parameters
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are b = 7.8 fm, N = 1.24×1028, Us = 2.5×10
−7eV, vc =
6.9ms−1. However, the anomalous interaction (1) gives
rise to an additional uniform potential inside a solid given
by
Vs = −4piαGmNρ
∫
∞
0
e−r/λ
r
r2dr =−4piαGmNρλ
2 (3)
where ρ is the mass density. This provides a universal
attractive potential between any material and the neu-
tron: it is roughly equivalent to a work-function.
Since a neutron bottle can be constructed, obviously
Us + Vs > 0. This gives rise to a limit on α of the form
α ≤
aA
λ2
, aA =
~
2Nb
2m2NρG
=
~
2b
2m2NmAG
(4)
where mA is the nuclear mass. A crude limit comes from
regarding this as an equality: for Be, we find aBe ≈
1.5× 107m2
Obviously this can be improved by using a heavy nu-
cleus with a small scattering length. It appears that Pb
would be optimal, but there does not appear to be any
experiment on the reflection of UCN’s from Pb. How-
ever, if an actual measurement of the critical velocity vc
could be made, the limit is then given by the parameter
a′A =
~
2b
m2NmAG
δv
vc
(5)
If (say) the critical velocity for Pb could be measured to
δv
vc
= 1% , this would give a′Pb ≈ 1.6× 10
4m2, improving
the limit by about 1000. Below we show the limits on α as
a function of λ that could be obtained from this method,
comparing it with various other limits. In principle, this
could provide a limit on strong, gravity-like forces down
to a distance of 0.01 nm.
There have also been suggestions that the new inter-
action may be of a power law form. If this is used in (3),
the integral is divergent unless a short distance cutoff is
applied. The value of this is quite arbitrary, and hence
one cannot provide a useful limit.
A related effect of Vs would be to modify the refractive
index of UCN’s in a material. In the case where the scat-
tering length is negative, this would in turn would mod-
ify the 1/v law for neutron absorption [10], since effec-
tively the velocity of neutrons would be higher than an-
ticipated, and hence the absorption cross-section would
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FIG. 1: Limits on α as a function of λ. The straight line
labelled ”Be” show the actual limit from (4). The line labeled
”Pb” shows the limit that could in principle be obtained from
(5). The remaining lines are taken from Fischbach et al. [5].
be decreased. It is amusing that just such an effect is seen
in Gd [11] however it is extremely unlikely that the effect
there is due to an anomalous long-range interaction.
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